Introduction
Whatever their specialty (surgical, medical, or both), intensive care units (ICUs) have to take care of patients with life-threatening conditions as a result of one or even several organ failures. These departments register the highest mortality rates 1 and the highest amounts of nosocomial infections. 2 According to several studies, 3, 4 this high rate of nosocomial infections is matched with an increase in therapeutic activity and high severity scores. Indeed, these high severity scores give an evaluation of the seriousness of each case due to comorbidities and due to severe illness; they are also a good indication of the patient's response to therapy. [5] [6] [7] [8] [9] The use of these measures during admission or during the ICU stay is a common practice; these measures are also frequently used in most of the reviews that have studied nosocomial risk.
Among the severity scores most frequently used among patients in intensive care, we must point out the following points. First, the Acute Physiology, And, Chronic Health Evaluation (APACHE II) score's calculation is only based on 12 physiological variables associated with the patient's age, and it pertains to a certain number of comorbidities. Calculated on the most pejorative values during the first 24 hours in intensive care, these 12 physiological variables, taken apart, constitute the Acute Physiologic Score (APS).Use of the APACHE II score is still a bit difficult and quite empirical; however, its prognostic capacity during the first 24 hours of stay in intensive care is evident. 12 Second, the Simplified Acute Physiologic Score (SAPS II) is a simplified system that evaluates severity. It is based on a critical overview of the first APACHE system. 13 Third, the Logistic Organ Dysfunction (LOD) score was developed by Le Gall et al, 13 using the same database that was used to develop the framework of the SAPS II score. Finally, the SOFA score is different from the others because of its sequential capacity in evaluating the incidence and the severity of the organ dysfunction. [14] [15] [16] However, it can be noted that these four scores have numerous similarities, as they evaluate the same organs. [17] [18] [19] [20] There is a huge range of scores when evaluating the severity of patients during admission or during their stay in intensive care. However, as far as we know, no study has ever compared the predictive performance of these scores among a population of nosocomial patients and during their stay in intensive care. The aim of this study is to evaluate the performance of the APACHE II, LOD, SOFA, and SAPS II scores for their prediction of mortality in nosocomial patients during the patients' stay in intensive care. , and the duration of the use of antibiotics before and after the nosocomial incident occurred. The LOD score, the SAPS II score, and the SOFA score were calculated in advance, 3 days before the day of the infection diagnosis and 3 days afterwards.
Original

Statistical analysis
To identify which of the four scores best predicts a fatal issue among our study group, we calculated the odds ratios (OR) and 95% confidence intervals (95% CI) for variables associated with mortality. All of the significant risk factors studied during the univariate analysis with P-value <0.20 were introduced in the four univariate logistic regression models.
For each measure, APACHE II, LOD, SOFA, and SAPS II scores were calculated on days D−3, D−2, D−1, D+1, D+2, D+3;in addition, the specificity, sensitivity, the global predictive accuracy, the positive predictive value (PPV), and the negative predictive value (NPV) were determined. The cut-off point for mortality prediction during the ICU stay was determined for each score once the Youden index (sensitivity + specificity-1) was maximal (under the constraint that specificity does not equal one, and that the sensitivity is not zero, to avoid over fitting). It should be noted that the Youden index evaluates the efficacy of the performance of a test diagnosis. It is lowered to 0 for a very weak performance and is close to 1 for a high performance. A calculation of the area within the receiver operating characteristics (ROC) curve was performed 3 days before the day of diagnosis of the nosocomial infection, and up to the third day after the date of the diagnosis (D−3, D−2, D−1, D0, D+1, D+2, and D+3). All analyses were performed using R statistical software (Wirtschafts University, Vienna, Austria), and a 5% statistical significance level was chosen.
Results
The data from our study were based on a total of 46 patients, aged 18 years and over, with a minimum stay in the ICU of 3 days, from July 1, 2011 to June 30, 2012.It can be noted that, among the top-ranking community-acquired infections in intensive care, the number one infection is pneumonia, which is contracted under mechanical ventilation at a rate of 47.82%, and this is followed by lung infections (21.73%). Bacteriemias and urinary infections rate 17.39% and 10.87%, respectively. All of the infected patients (100%) were given antibiotics. The overall morbidity rate was 23.91%. The demographic and clinical data are reported in Table 1 and  Table 2 .The objective values of the SAPSS II, APACHE II, SOFA, and LOD scores measured on days D−3, D−2, D−1, D+1, D+2, D+3, and D0 (which is the day of nosocomial infection diagnosis) are reported in Tables 3, 4 , 5, and 6. The results of the calculation of the area under the ROC curve for the APACHE II, SAPS II, SOFA and LOD scores -which were calculated from the third day before the diagnosis of the nosocomial event, and up to the third post diagnostic day -are described in Table 7 and Figure 1 . the LODS score on the day after the diagnosis was made, and it was highest 2 days after the diagnosis was made for the SAPS II and APACHE II scores. Conversely, the results of the analysis show that the best value of the Youden index (0.527), the best specificity (80%), the best global prediction rate (78.3%), as well as the best negative and positive predictions (53.3% and 90.3%, respectively) were established by the SOFA score on the day of diagnosis. The APACHE II score yields the highest sensitivity (Table 8) .
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The multiple logistic regression analysis, which controlled for the predictive factors of a fatal issue (death), shows that the SOFA score on the day of diagnosis is the most predictive of mortality 
Discussion
Nosocomial infections in intensive care remain a major public health problem, and there are some fatal cases. To limit this problem, one needs to share resources and engage in multilevel actions (upstream and downstream) to continually assess the severity of the disease. Indeed, evaluating a complex clinical and physiological state such as multi-trauma and/or multi-deficient patients in intensive care in a nosocomial context, and with simplified evaluation tools, may help with developing a more proactive response and more suitable therapeutic actions.
The aim of the present study was to compare the predictive performances of four scores (SAPS II, SOFA, APACHE II, and LOD) when assessing the level of gravity in nosocomial patients during their ICU stay from the third day preceding the diagnosis of a nosocomial event to the third day after the diagnosis. However, it is important to remember that the aim and the calculation techniques used for the aforementioned scores are slightly different. Indeed, the SOFA score is used to describe the level of morbidity, whereas the LOD score was designed to be a tool that evaluates the mortality probability due to malfunctioning organ(s) on the day of admission. 13 To our knowledge, no study has ever compared the capacity of the SAPS II, SOFA, APACHE II, and LOD scores to predict mortality in nosocomial patients that are infected during their stay in intensive care. It is thus difficult to compare our results to another study. However, Peres Bota et al's 21 results comparing SOFA scores to the Multiple Organ Dysfunction Score (MODS), which was calculated every 2 days using patients in intensive care who were not specifically nosocomial, showed that the SOFA score has very good discriminatory ability to determine a patient's outcomes. The authors indicated that the SOFA score truly sets itself apart from the other scores in terms of its better sensitivity. The results of Khwannimit's 22 study-which was conducted on a population comparable to that noted in Peres Bota et al's 21 study -reported the excellent discriminatory ability of SOFA and LOD scores with respect to the SOFA score's area under the curve(AUC) (initial: 0.879; maximum: 0.907)when compared to that of the LOD score (initial: 0.88; maximum: 0.92). The authors also indicated that the AUC of the different scores were much higher than the one calculated in Peres Bota et al's 21 study.
Also, even if the outcome considered does not specifically pertain to mortality in the ICU, but rather to the overall hospital's mortality rates, then the results of the following respective studies (Timsit et al 23 and Pettilä et al 24 ) describe good predictive performance for both the SOFA score and the LOD score. For instance, in the study by Pettilä et al, 24 the AUC of the initial SOFA and LOD scoreswere as follows: 0.73 and 0.73, respectively. However, it should be noted that the discriminatory ability of the SOFA score tends to be weaker according to the findings from Zygun et al's study. 25 The AUC of the initial value of the SOFA score is 0.67 and the maximum value is 0.69. According to Khwannimit, 22 the disparity of the results might be due to the different calculation methodologies used for the scores, and it may also be due to different treatment policies adopted in each ICU. On the other hand, Livingston et al's 26 study -which was conducted in 22 different ICUs in Scotland, and which was based on the evaluation of the performance of the APACHE and SAPS scores -reported good to excellent discriminatory capacities of these measures. The AUC of the APACHE and SAPS scores are 0.78 and 0.85, respectively.
The results of other studies 27, 28 also reported that the APACHE II score's discrimination capacity is better than the one established by the SOFA score calculated at admission. On the other hand, though the results of additional studies 26, 27 objectify that the SAPS score and SOFA score have the same discrimination capacity; however, when it is calculated during admission, Janssens et al 29 reported the opposite resultindeed, the SOFA score's AUC during admission was 0.82 and the SAPS II score's AUC was 0.77.In our study, the multiple analyses, which controlled for other predictive factors associated with a fatal complication (death), revealed that on the very day of diagnosis, the SOFA score was the most predictive (OR: 12.3; 95% CI: 2.33-64.91), followed by the APACHE II score (OR: 8.29; 95% CI: 1.43-48.14).Moreover, the calculation of the ROC AUC of the APACHE II, SAPS II, SOFA, and LOD scores performed on days -3 -2, -1, 0, 1, 2, and 3 of the nosocomial event (Table 9) showed that the highest ROC AUC is the one used for the SOFA score on the day of diagnosis. On the day after diagnosis, the highest AUC are the ones of the LODS and SOFA scores. On the second day after diagnosis, the highest AUC were those associated with the SAPS II and APACHE II scores.
According to these results, it appears that only the SOFA score AUC calculated on days (-3,-2, -1, 0, 1, 2, and 3) count >0.5 values (reference line). The rate lies between (0.66 and -0.76). As the discrimination capacity of a score is considered as excellent with a AUC >0.9 and good with an AUC >0.8, it appears that (according to our study) only the SOFA score is distinct from the other scores in terms of predictive performance, as it was considered to be correct to good. The lack of predictive performance observed in the other scores could mostly be explained by a possible inadequacy of the gravity scores across the population we studied.
Indeed, it was reported 24 that the scores were often applied to a population of patients where most of them (over half) had stayed in the ICU no longer than 3 days; however, the median length of stay in the population we studied was 6 days. According to Timsit et al, 23 the discrimination capacity of these scores' abilities to predict patients' outcomes is affected as the length of stay grows longer; their predictive ability is also affected by the intricacy of the organ dysfunction and by the infectious process itself. Indeed, in the process, several intrinsic variables (underlying disease, age, and sex) are implied, but intervention variables such as antibiotic treatment (which is appropriate in the beginning 13 ), the prompt removal of unnecessary lines responsible for the spread of infection, 14 and the optimizing of the hemodynamic condition by the provision of artificial hydratation or vasopressor drugs 15, 16 could determine the evolution of the process or alter the scores' predictions.
In this study, several limits should be mentioned, including the retrospective and monocentric nature, as well as the size of our sample.
Conclusion
Among the documented scores in our study, the SOFA score was the only one that stood out as having good predictive performance in terms of the patients' outcomes. The contribution of these types of markers is very useful for a sequential estimation of each patient's state, and it could serve as a tool to assist in the decision of choosing among proposed therapeutic projects. In addition, our study could help other research teams in their approaches.
